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is submitted in partial fulfillment of the requirements for a Masters Degree in Coastal Marine
and Wetland Studies at Coastal Carolina University. It contains original work done from January
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Abstract

	
  
Previous studies (Haxon 2000; Steen and Gibbs 2004; Marchand and Litvaitis 2004; Aresco
2005) have demonstrated that urbanization and development have disproportionally adverse
affects on female turtles. In order to test this paradigm I caught 301 turtles (primarily Trachemys
scripta scripta) in ten ponds (5 impacted and 5 unimpacted) across coastal South Carolina. Not
only do coastal South Carolina turtles not follow the same male biased pattern of many other
studies, there was an overall female bias (154:95). Turtle metrics were between the types of sites
existed as well, indicating larger/older population of turtles in unimpacted sites. Water quality
parameters (dissolved oxygen, pH, and temperature) were examined. The unimpacted sites
exhibited more conductive parameters for the majority of biota. Diversity was significantly
larger in unimpacted sites as well. It appears that the turtle populations (largely Trachemys
scripta) examined have a high tolerance for human impact (both with regards to water quality
and direct mortality) based on their high abundance in impacted areas. They may be exception to
the male biased population paradigm exhibited by the majority of other turtles in previous
studies.	
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Introduction:
As of 2010, the IUCN (International Union for Conservation of Nature) Red List
officially listed 129 of the 207 species of turtles as endangered, threatened, or vulnerable,
making turtles one of the most “at-risk” vertebrate species. Many of these turtle species are
found in Southeast Asia, Northern India, and the Southeast United States where turtle richness is
highest (e.g., South Carolina has 12 endemic species) (Rhodin et. al. 2010).
Regardless of species, turtles, in general (terrestrial, brackish, marine, and freshwater),
have similar life histories; turtle populations are maintained similarly, through: high adult
survival rates, low annual recruitment rates, and delayed sexual maturity (Congdon et. al. 1993;
1994). While freshwater species are primarily aquatic, turtle life history also consists of
terrestrial movements (e.g., annual migrations to and from nesting sites, juvenile migrations to
water, escaping ill suited habitats, and finding mates (Gibbons 1986)). When migratory
movements occur over the terrestrial landscape, turtles are particularly vulnerable to mortality
(Southwood and Avens 2010). For instance, juveniles are exceptionally vulnerable to predation
during initial migration from nesting sites to the water (Janzen et. al. 2000). Freshwater turtles
are vulnerable to car-induced mortality because of their slow travel speed (Steen and Gibbs
2004). Also, many turtles examined here are crepuscular (most mobile during hours surrounding
dawn and dusk); (Legler 1954; Ernst 1986; Smith and Iverson 2004; Steen and Gibbs 2004;
Gloriso and Cobb 2012), which corresponds to periods of the highest traffic density (Festin
1996).
Cars and human development of terrestrial habitats may have detrimental effects on
population dynamics, as well as composition, structure, and health of many individual turtles,
populations and/or communities. Currently, over 20% of the U.S. land area is affected by roads
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(Forman 2000); this includes direct paving, increased edge effect caused by habitat
fragmentation, introduction of exotic species, and changes in hydrological and soil/erosionial
processes (Saunders et. al. 2002). The roads of South Carolina span roughly 70,000 kilometers,
and due to larger populations and high tourism, roads of the coastal plain likely have more
frequent use and development (Hinrichsen 1998). Previous studies have demonstrated that
development of this nature adversely affects female aquatic freshwater turtles because they must
move to nesting sites, often on multiple occasions during the nesting season (Haxon 2000;
Marchand and Litvaitis 2004; Steen and Gibbs 2004; Aresco 2005). As a result, females are
disproportionately exposed to greater risk of mortality because of their biological requirement to
be in terrestrial landscapes more often than males (Haxon 2000; Marchand and Litvaitis 2004;
Steen and Gibbs 2004; Aresco 2005). While prior studies found that roads and human
development impacted sex ratios of turtle populations, these studies failed to examine many of
the turtle populations in the Southeast U.S.
Steen and Gibbs (2004) used direct sampling methods and a geographic information
system (GIS) to quantify the effects of road density on two freshwater turtle species (Chelydra
serpentina–snapping turtle and Chrysemys picta-painted turtle) in 35 small (i.e. 1-13ha)
emergent wetlands located in upstate New York, and found females are more likely to be
subjected to car-induced mortality due to nesting migration habits. As a result, there were higher
percentages of males in areas with higher road densities.
Following Steen and Gibbs (2004), I examined the effects of road density and
urbanization on freshwater turtles of the SC Coastal Plain. While regional species richness and
diversity of turtles in the southeastern U.S. exceeds that of the northeastern U.S., the same
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general pattern (i.e., higher proportion of male turtles in areas of high road density) should also
exist. Therefore, I hypothesize the following:
1. In areas of high development, there will be a positively male biased sex ratio.
2. In areas of low development, there will be an equal sex ratio.
3. High levels of urbanization will result in younger turtle populations.
4. Turtle species that must travel further will be more susceptible to road mortality and
will therefore have a more skewed sex ratio in developed areas because of this migratory
behavior.
5. High road density and urbanization will result in lower species richness and diversity.
6. Water quality indices (i.e. high pH, high nutrient levels, and low dissolved oxygen,)
are associated with high development.
Water quality has not been assessed in association with a sex ratio type study (e.g., Steen
and Gibbs 2004; Marchand and Litvaitis, 2004; and Aresco, 2005). However, there is potentially
an important relationship between population characteristics and pond water quality (Lydeard
and Mayden	
  1995). Human development, not necessarily road construction, can also have
detrimental effects on water quality (Falkenmark and Widstand 1992). With this information,
turtle population and community characteristics (i.e. population size, turtle metrics, and sex ratio)
may offer a means of assessing habitat quality and species diversity within the study region
(Walker and Avise 1998).
Methods:
Sites
Using a comparative ecological approach, I quantified differences in turtle populations
found in ponds surrounded by varied road/traffic density, primarily in Horry County SC and
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Georgetown County SC. Following Steen and Gibbs (2004), Marchand and Litvaitis, (2004), and
Aresco, (2005), I created a geographic information system (GIS) to locate ponds within the study
area in the Conway, Myrtle Beach, and Murrells Inlet area of SC, resulting in 35 potential sites.
From these, I established a 300 m buffer and quantified sites based on level of urbanization
and/or road density, following Whillans and Crossman (1977), Obbard and Brooks (1980),
Congden et. al. (1987) and Steen and Gibbs (2004). These data allowed me to place ponds into
one of two classes using National Landcover Data (NLCD), National Wetland Inventory (NWI)
maps, and U.S. CENSUS Tiger line files of roads within the region. (Gibbs 2000; Hawbaker and
Radeloff 2004; and Steen et al. 2007): 1. Human impacted sites - These sites had direct evidence
of human presence with low incidence (i.e., < 25% natural landcover), and/or more than 50 m of
high traffic road (i.e., multiple lanes of primary or secondary roads) bisecting, all or a significant
portion of my 300 m buffer; and 2. Unimpacted sites - These sites generally had ≥75% forested
margin, traffic speeds of generally less than 35 mph (56.3 kph) on rural, unimproved, or single
lane roads (Limbaugh 2012). This GIS analysis resulted in 10 ponds, equally divided between
human impacted and unimpacted sites. It is important to note that unimpacted ponds were not
equivalent to “natural” or “pristine” but should provide adequate analyses of differences in turtle
populations. Site visits also included measurements of water quality (e.g., pH, dissolved oxygen,
and temperature).
Fields Methods
Following Steen and Gibbs (2004), paired sites (i.e., one “human impacted” and one
“unimpacted”) were sampled synchronously over three days. Pairs were based on similar
features (e.g., size and accessibility). Efforts were made to reduce site variability (e.g., pond
shape, and size) and while variation may certainly exist, no statistical difference was detected
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when comparing surface areas (U(9)= 11, z=-0.2089, p=0.8345), and pond water temperature
(U(9)=9350, z=-0.6948, p=0.4872) and thus allowed me to pool treatment data. Turtles were
trapped using four baited hoop traps and two float traps (Brown et. al. 2011). The four hoop traps
were spaced evenly around the water feature; some traps were placed slightly off of this pattern
due to accessibly, or substrate conducive to setting traps. Two float traps were placed in the pond
by bisecting the pond and placing a trap in the center of each of the two halves (Figure 1). After
the three-day sampling period, all traps were moved to a new pair of sites.
I identified turtles to species and sex with sexual maturity based on carapace length, or
the presence of noticeable secondary sexual characteristics (e.g., size, fore claw length, and tail
shape/length). If a turtle lacked noticeable indicators of maturity, I reported it as a juvenile. For
every turtle captured, I measured carapace and plastron length (to the nearest 0.1 cm), and weight
using a hand-held spring scale (to the nearest 5 g). Each turtle was marked on the 2nd or 3rd scute
on the edge of the carapace using a file for identification in the case of recapture (Cagle 1939). If
recaptured, turtles were returned to the pond with no measurements taken.
Statistics
Comparisons between the two pond types (human impacted and unimpacted) were
analyzed using a nonparametric Mann-Whitney U test, because initial capture data violated
parametric assumptions, as did subsequent data transformation attempts. Two sets of data (i.e.,
all turtles and the single species, Trachemys scripta scripta -yellow-bellied slider) were used to
compare: sex ratios, morphological attributes (e.g., curved carapace width, minimum curved
carapace length, curved plastron width, curved plastron length, and weight) (Bolten 1999), and
water quality parameters (dissolved oxygen, pH, temperature). Because not enough individuals
were captured for the other species of turtles (Deirochelys reticularaia- chicken turtle and
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Pseudemys floridana- Florida cooter) no definitive conclusions can be determined pertaining to
individual population sex ratios or metrics other than those with Trachemys scripta scripta as the
sole subject species. Turtle species richness and diversity were assessed using the ShannonWeiner diversity t-test (Magurran 2004), using a 95% (a priori alpha of p≤0.05) confidence
interval, in Paleontological Statistics Software (PAST; Hammer et. al. 2001).
Results:
Because ponds were of similar size (i.e., not significantly different; Mann-Whitney U test
p=0.8345), and similar in water temperature (p=0.4872), (impacted 28.8°C, unimpacted 29.2°C)
between treatments, data were pooled for subsequent statistical analyses.
From July 1 to August 10 2014, 301 turtles, representing 4 species, all Family Emydidae,
were caught in the 10 study sites (Table 2.). Of the species caught, all were considered of "least
concern" pursuant IUCN (2013), with one subspecies, Trachemys scripta elegans (red eared
slider), identified as a non-native and/or an exotic/invasive species (SCDNR 2008). The endemic
subspecies, Trachemys scripta scripta, is very similar, both biologically and behaviorally, to the
Trachemys scripta elegans, and is considered invasive outside of its native range (Rödder 2009).
I also caught Chelydra serpentina, but excluded them from statistical analyses because their
maximum migration and nesting behavior far exceeds the 300 m buffer I used supported by
others (e.g., Obbard and Brooks 1980; Steen et. al. 2012).
Overall, more turtles were caught in human impacted ponds (i.e., 206 vs. 95
respectively), with a similar pattern observed when assessed by my most frequent species,
Trachemys scripta scripta, with an impacted to unimpacted turtle ratio of 189:80.
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Turtle Metrics:
Median metric values of all turtles caught were used for comparisons. In addition to the
total overall analysis, a species-specific analysis of Trachemys scripta scripta metrics was also
conducted. Turtle weight, an indicator of both size and age (Halliday and Verrell 1988), differed
significantly (U(300)=8354, z=-2.105, p=0.035), with unimpacted sites containing turtles with
larger masses (i.e.,0.80 kg vs. 0.60 kg). Differences in carapace length also significantly differed
(U(300)=7814, z=-2.864, p=0.00418) with unimpacted sites having turtles with the larger length
(i.e.,19.2 cm vs. 16.9 cm). Because length and width of a carapace are in many instances closely
related (Casale et. al. 2005), carapace width was also significantly different (U(300)=8203, z=2.312, p=0.0279) (i.e., 18.1 cm vs. 16.3 cm). I also found a significant difference in plastron
length (U(300)=8024, z=-2.509, p=0.0126) and plastron width (U(300)=8046, z=-2.478,
p=0.0137), with unimpacted sites containing longer (16.3 cm vs. 14.4 cm) and wider turtles (15.3
cm vs. 13.8 cm) (because they have a similar size correlation like carapace length and width)
(Table 3).
While most size variables for Trachemys scripta scripta, were invariant, weight was
significantly greater in unimpacted ponds (U(268)=8348, z=-2.051, p=0.0402, resulting in
heavier Trachemys scripta scripta (i.e., 0.80 kg vs. 0.60 kg).
Sex Ratio:
While observable differences were visible (109:54 vs. 45:41), there was no significant
difference in sex ratio (U(7)=3.5, z=-1.05, p=0.1340). Since sex ratio, pond size and temperature
were not significant, I also compared the overall sex ratio (151:95) to 1:1 parity. This
comparison was significantly different (U(9)=0, z=-3.537, p=0.00015) (Neal and Schall 2014).
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The sex ratio between impacted and unimpacted sites did not differ for Trachemys scripta scripta
(U(9)=11, z=-2.089, p=0.83366).
Richness and Diversity:
Excluding Chelydra serpentina and the one non-native species (i.e., Trachemys scripta
elegans), pooled species richness was not significantly different by level of impact, but Shannon
Weiner diversity (sensu Magurran 1989) differed between unimpacted (H’=0.4982) and
impacted (H’=0.1999), p=0.00254 (Figure 3).
Water Quality:
Several water quality parameters differed by impact (Table 5) with pH (U(300)=4057,
z=-8.233, p=0.0001) and dissolved oxygen (DO) (U(300) =3084, z=-9.842, 0.0001) significantly
different between sites. Impacted ponds’ dissolved oxygen was reduced by approximately 0.9
ppm and had a lower pH (approximately 0.3 pH units) than that of unimpacted ponds.
Temperature did not differ between the two pond types and I did not observe any indications of
stratification or increased eutrophication.
Discussion:
While these studies differed in geographic location and many of the species collected, life
histories, behavior, and ratios were similar. Turtle life histories all consist of high adult survival
rates, low annual recruitment rates, and delayed sexual maturity (Congdon et. al. 1993). Because
of these traits I predicted that turtles found in the coastal plain of South Carolina would follow
this same male-biased population paradigm. In contrast, I found a positive female bias (154:95
for all turtles and 152:72 for Trachemys scripta scripta). Survan et. al. (1989), reported a female
biased sex ratio in a population of Emys orbicularis (European pond turtle) , and suggested that a
temperature increase in northern France was likely responsible. Even if there has been negligible
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variation in mean air temperature in coastal SC, local increase in nest temperature has likely
occurred due to landscaping activities such as tree removal, construction, and paving (Loughner
et. al. 2012; Kamel 2013). These changes may allow for higher solar radiation to reach nests,
thus causing a positive female biased of turtle populations in my study.
Despite similar life histories, migration and dispersal distances vary largely among
freshwater turtles (Table 6; Steen et. al. 2012). Migration distances of turtle species potentially
play an increasingly important role in human mediated mortality (Alerstam et. al. 2003; Spencer,
2002). For example, Chelydra serpentina and Chrysemys picta exhibited larger maximum
migration to/from nesting sites (982.0 m and 1233.0 m respectively) than the subject species of
this study (Steen et. al. 2012). Trachemys scripta scripta, a strongly female biased turtle
population in impacted sites, had a maximum nest migration distance of 97.0 m in South
Carolina (Steen et. al. 2012). Based on their shorter migration distance Trachemys scripta scripta
may be less likely to experience human induced mortality because they spend less time in active
anthropogenic areas (e.g., roads, construction, and regularly landscaped areas). Nest migration
behavior may be one important factor that may allow Trachemys scripta to be able to avoid
harmful interactions with humans.
The other turtle species caught, Deirochelys reticularaia and	
  Pseudemys floridana,
whose maximum nest-to-pond migration distances are 247.2 m and 268.8 m respectively (Steen
et. al. 2012), are not as common in impacted ponds. Using migration as the sole indicator of
frequency of encounter, one would expect to see fewer Deirochelys reticularaia than Trachemys
scritpa scripta and even fewer Pseudemys floridana in impacted sites because anthropogenic
activities are the cause of a large portion of turtle morality (Steen and Gibbs 2004; Aresco 2005).
Migration however, is not the only factor affecting abundance; reproductive success, food/prey
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accessibility, habitat characteristics, and abiotic characteristics affecting carrying capacity also
play important roles in population and abundance. A shortened migration allows a turtle to
reduce time spent in areas of heavy human use/impact. This will likely allow them to be able to
out compete species that must travel further, especially in areas of high impact where human
induced mortality is more likely.
Turtle communities and population metrics differ as a result of humans (Cadi and Joly
2003). Carapace length, carapace width, plastron length, plastron width, and weight all were
larger in unimpacted sites compared to impacted ones. Because size (weight, lengths, and
widths) is often correlated to the turtle age (Halliday and Verrell, 1988), average age of turtles in
unimpacted sites may be older than that of turtles in impacted sites. Although the number of
turtles is not as large in the unimpacted sites, an individual turtle in an unimpacted site, where
there are fewer pressures for adult turtles, may have a longer lifespan if it can survive its juvenile
stage. For those turtles that live in impacted sites, the pressures that cause mortality among
juveniles are less frequent (e.g., predatory birds and alligators), thus a possible reason for the
larger population (although natality, mortality, immigration, or emigration were not assessed).
Also in impacted areas, after sexual maturity has been reached, a turtle has relatively few nonhuman sources of mortality (i.e. predators), but human induced mortality still exists. For this
reason, there may exist a larger population in impacted sites because of low juvenile mortality,
but they likely have a shorter lifespan due to the persistent opportunity for human induced
mortality (via road or facilitated by anthropogenic pollution).
When I examined Trachemys scripta scripta, most of the turtle metrics did not differ as a
result of impact class (i.e., impacted or unimpacted) likely due to the short dispersal distance
exhibited to and from nesting sites and possibly between ponds. Juveniles in impacted sites may
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have a greater chance for reaching sexual maturity due to the lack of predators (likely removed
by humans) and possible anthropogenic sources of food (Garmestemi and Percival 2005).
Trachemys scripta are generalist and opportunistic feeders (USGS 2014) and are listed as least
concern (IUCN 2013). But some report (e.g., Aresco 2009) that increased food waste or runoff
may enable these impacted ponds to have a larger primary production and allow for a larger
population of turtles than unimpacted sites. The weights of turtles from unimpacted sites were
significantly greater than those of impacted sites. Trachemys scripta weight difference was most
likely due to differences in age, diet, and prey opportunities that may exist between unimpacted
and impacted sites, or less competition in unimpacted sites due to lower abundance (Cadi and
Joly 2003).
Anthropogenic runoff heavily influences water quality and therefore diets and prey
availability (Dudgeon et. al. 2007). This is evidenced by the significant differences that exist in
water quality parameters between unimpacted and human impacted sites. Dissolved oxygen and
pH were significantly different between the two pond types, indicating better water quality for
the majority of biota in the unimpacted sites.
It appears that the Trachemys scripta populations are tolerant of human impact (both
water quality and direct mortality) based on their high abundance in impacted areas. If true,
Trachemys scripta may be an exception to the male biased population paradigm exhibited by the
majority of other turtles in previous studies. A better assessment of Trachemys scripta tolerance
for human could be obtained with more water quality parameters measured such as conductivity,
dissolved organic matter, nitrogen, phosphorus, pesticide, herbicide, and	
  pharmaceutical
measurements. These would provide better ideas of pollution, primary production, and site
suitability.
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The abiotic factors, such as water quality and human impact, are likely linked to the
number and type of species living within the pond or wetland (Huston and McBride 2002).
Diversity indices may provide important ecological information about the abiotic environment.
The Shannon-Weiner diversity t-test (0-1 scale, where 0 is least diverse and 1 is most diverse)
indicated that unimpacted ponds had a higher h value (index diversity; 0.1999 vs. 0.4982,
respectively). Unimpacted ponds also had water quality better suited for most organisms (e.g.,
circumneutral pH and higher dissolved oxygen; Wilhm and Dorris 1968). It may be possible to
use turtle diversity as a biological indicator of abiotic conditions of wetlands (Ciofi, et. al. 2009).
Trachemys scripta elegans a non-native subspecies likely indicates intentional pet release and
therefore direct human interactions with a pond. These increased human interactions may also
result in non-natural anthropogenically sourced abiotic and biotic contaminations (Araújo 2003).
It is predicted that a turtle population sex ratio should approach parity (1:1; Ewert et. al.
1994). Fluctuations in climate often change this ratio year to year, but a sample of a population
should not be significantly different than this ideal sex ratio (Neal and Schall 2014). The turtle
community sampled in my study was significantly biased toward females. This could indicate
several breeding seasons of female biased clutches or a source of mortality for male turtles that
does not affect females. For example, being small a longer time during development may allow
for more predation (Freedberg and Wade 2001).
My data do not suggest exceedingly high turtle richness or diversity, nor do the sites
provide refugia for rare and/or endangered species (e.g., Clemmys guttata-spotted turtle or
Glyptemys muhlenbergii-bog turtle) if the general pattern I report (i.e. increasing female bias,
further declines in water quality) were to continue in coupled with habitat homogeneity (caused
by ongoing development), freshwater turtle diversity on the coastal plain of SC would potentially
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decrease significantly, leaving primarily Trachemys scripta scripta as the dominate species. A
stronger female bias may continue to exist as a result of higher ambient temperatures near
developed areas, due to temperature-dependant sex determination (Bull and Vogt 1979). If these
factors do cause low numbers of males it can potentially lead to a more laborious (finding
multiple males for mating) breeding season for females (Pearse and Avise 2001) potentially
making them travel overland (causing more human mediated mortality) or be dependent on only
a few males for breeding. This could, in severe cases, lead to a genetic bottleneck (Dudgeon et.
al. 2006: Alacs et. al. 2007). If these scenarios were to occur it puts these populations at risk for
localized extinction.
Conclusion:
What is apparent from my study and others (Spencer, 2002, Marchand and Litvaitis 2004,
Steen and Gibbs 2004, and Aresco, 2005) is that unimpacted pond features are important to the
persistence and survival to a biodiverse assemblage of freshwater turtles in the southeastern
United States. Of the twelve freshwater turtles native to SC, two are listed as threatened or
endangered (Clemmys guttata and Glyptemys muhlenbergii) (three have yet to be assessed;
IUCN 2013). It is clear that habitat, water quality and connectivity between suitable sites must
exist or risk continued declines for many species. I suggest the following conservation
management steps:
1.

Establish a long term monitoring program for water quality and biotic
integrity of natural ponds within the region for the creation of best
management practices (BMP) for agriculture and golf course
management.
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2.

Provide long-term studies of developing areas in order to find a “critical
point,” where road densities and their effects begin to cause
irreversible damage to turtle populations.

3.

Promote habitat enhancement and restoration in ponds that contain, either
historic or current, populations of sensitive and/or protected turtle
species, before local extirpation occurs. This might include,
captive rearing or nest relocation.

The large majority of ponds in South Carolina are man-made (Yarrow 2009) without
which many turtle species would be confined to the less common natural wetlands and rivers. As
a result, many of the now common species of turtle relied heavily on human development for
their current habitat and population size. Intermediate disturbance theory allows for the
maximum number of taxa within a region (Townsend and Searsbrook 1997). The initial
disturbance caused by humans who created these ponds allowed for the successful colonization
by many freshwater turtles. However, if areas surrounding these ponds are continuously altered
by human development, many turtle species will be unable to evolve fast enough to remain
extant. This would select for quickly reproducing species, with a high tolerance for human
activity such as the Trachemys scripta.
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Figure 1- The trap layout for impacted site 3. The circles represent the baited hoop traps. The
rectangles represent the floating/basking traps. The dashed line is the estimated centerline to
bisect into two halves.
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Figure 2: Paired Sites with the (yellow) buffer surround; sites on the left are the unimpacted sites
in the same order as sampled (Table 1). Sites on the right are their paired human impacted sites
also in the same order as sampled (1:18,000).
	
  
	
  

29	
  

Figure 3. A comparison of turtle diversity, using a diversity t-test, following Magurran (1989)
where I report significance difference by treatment (p=0.00254), with unimpacted sites having
higher diversity (0.4982) than human impacted sites (0.1999).
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Table 1: Paired sites (Cowardin et al. 1979) in order as sampled. GPS coordinates of each site
and the approximate surface area of each site to show variations in size and location
Pair	
  
Impacted	
  Site	
  
Approximate	
   Unimpacted	
  Site	
   Approximate	
  
	
  
(lat./long.)	
  
Surface	
  Area	
  
(lat./long.)	
  
Surface	
  Area	
  
	
  
2)	
  
(m
(m2)	
  
	
  
33.701323, -78.894271	
  
33.641009, -78.959041
17410 	
  
37656	
  
1	
  
	
  
	
  
	
  
33.707044, -78.913851
33.522859, -79.087337
5524 	
  
2247	
  
2	
  
	
  
	
  
	
  
	
  
33.808990, -79.013779
33.802674, -79.038472
1269 	
  
3931 	
  
3	
  
	
  
	
  
	
  
	
  
33.779896, -79.020592
33.762782, -79.039545
2558 	
  
8865 	
  
4	
  
	
  
	
  
	
  
	
  
33.792487, -79.020914
33.760739, -79.034318
3552
4102 	
  
5	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Table 2: Number and species of turtles caught at each site (Unimp. indicates a unimpacted site,
Imp. indicates the impacted site of the pair). The number represents the total turtle caught at that
site, the number in parentheses represents the number of females caught at that site.
Species
Trachemys
scripta
scripta
Deirochelys
reticularia
Trachemys
scripta
elegans
Pseudemys
floridana
Total

Pair 1
Pair 2
Pair 3
Pair 4
Pair 5
Unimp. Imp.
Unimp. Imp. Unimp. Imp.
Unimp. Imp.
Unimp. Imp.
48(28) 56(35) 9(5)
10(3) 18(10) 29(10) 3(0)
32(18) 2(2)
62(42)
11(0)

4(0)

0(0)

0(0)

2(0)

2(0)

0(0)

0(0)

0(0)

0(0)

0(0)

5(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

0(0)

4(1)

0(0)

0(0)

1(0)

0(0)

0(0)

2(0)

1(0)

0(0)

0(0)

0(0)

59(28)

65(35) 10(5)

10(3) 20(10)
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33(10) 4(0)

32(18) 2(2)

66(43)

	
  
	
  
Table 3: Comparison of weight and body characteristics of turtles (all species combined)
captured in unimpacted and impacted ponds. Values: median (range).

Factor

Unimpacted

Weight (kg)
Carapace Length (cm)
Carapace Width (cm)
Plastron Length (cm)
Plastron Width (cm)
	
  

Human
Impacted
0.60 (0.5-2.75
16.9 (5.8-27.7)
16.3 (6.2-27.4)
14.4 (4.9-23.5)
13.8 (5.9-22.7)

0.80 (0.05-2.9)
19.2 (5.3-29.8)
18.1 (5.8-28.1)
16.3 (4.3-24.6)
15.3 (5.4-23.1)

Significance
(p-value)
0.0350
0.0042
0.0279
0.0137
0.0126

	
  
	
  
	
  

	
  
Table 4: A comparison of weight and body characteristics of turtles between ponds of varied
land use and impact. I report median value with range in parentheses (Trachemys scripta scripta)	
  
	
  
	
  
Human
Factor
Unimpacted
Significance
Impacted
(p-value)
Weight (kg)
0.80 (.05-2.9)
0.60 (0.5-2.75)
0.0402
Carapace Length (cm)
19.0 (5.3-29.8)
16.9 (5.8-27.7)
0.1700
Carapace Width (cm)
18.1 (5.8-28.1)
16.4 (6.2-27.4)
0.2763
Plastron Length (cm)
16.0 (4.3-24.6)
14.5 (4.9-23.5)
0.1634
Plastron Width (cm)
15.2(5.4-23.1)
13.8 (5.9-22.7)
0.1495

Table 5: A water quality parameter comparison between ponds of varied land use and impact. I
report median value with range in parentheses. p-values for the conducted Mann-Whitney U test
are also given.
Factor
pH
Dissolved Oxygen (DO)
(ppm)
Temperature (°C)

	
  
	
  

Unimpacted
6.7 (6.2-8.1)
7.2 (1.9-26.7)

Human
Impacted
6.4 (5.2-6.9)
6.3(4.6-12.5)

29.2 (28.6-29.8)

28.8 (27.6-30.7)

32	
  

Significance
p-value
0.0001
<0.0001
0.4872

Table 6: Modified from Steen et. al. 2012 Table 1: Average distance (±SE, SE), minimum and
maximum distance of turtle nests to nearest water.
Species

Location

Mean (m)

Standard

Standard

Minimum

Maximum

Deviation

Error

Distance (m)

Distance (m)

15.2

16.7

6.7

0.0

97.4

Trachemys

South

scripta

Carolina

Trachemys

Illinois

901.2

276.2

27.1

370.8

1766.7

Overall

725.6

425.9

37.2

0.0

1766.7

Deirochelys

South

145.7

97.8

18.5

1.5

247.2

reticularaia

Carolina

Deirochelys

Overall

141.7

98.4

18.3

1.5

247.2

Overall

102.3

104.7

37.0

33

268.8

scripta
Trachemys
scripta

reticularaia
Pseudemys
floridana
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Appendix I
Letter To Potential Site Owners

Dear (xxxxxx),
My name is Andre Dominguez and I am a graduate student of Marine Science at Coastal
Carolina University. My thesis research concerns freshwater turtle behavior. The reason I am
contacting you is that your property has a site that lends itself to scientific research regarding this
topic, GPS coordinates: xxxxxxxxxxxxx, (aerial photograph below). The methods involved in
the project are noninvasive or damaging to organisms or property. The study requires the
entrapment of turtles using several types of non-lethal traps. The site will be sampled 1-3 times
(3 days each time) over the sampling season (May-September). All sampling will occur in
daylight hours (approximately 9:00am-2:00pm) unless another time is more convenient to you.
In addition to the mark and recapture of turtles, basic water chemistry parameters (Dissolved
Oxygen, pH, temperature, phosphorus, and nitrogen) conducted. Enclosed you will find further
background information and a form that would permit an assistant and myself to use your
property for the purposes of this study. Please send back the form with you answer in the
enclosed stamped envelope. If you need more information please do not hesitate to contact me,
my advisor (Kevin Godwin), or other members of my thesis committee (James Luken or Scott
Parker) using the enclosed contact list.
Thanks for your time and your contribution to this worthwhile conservation effort.
Andre R. Dominguez
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Appendix II
Land Use and Capture Permission Form
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